A COMPLETE KINEMATIC, KINETIC, AND ELECTROMYOGRAPHICAL ANALYSIS OF THE FOOTBALL THROW IN COLLEGIATE QUARTERBACKS by Bohnert, Kyle R.
University of Kentucky 
UKnowledge 
Theses and Dissertations--Kinesiology and 
Health Promotion Kinesiology and Health Promotion 
2016 
A COMPLETE KINEMATIC, KINETIC, AND 
ELECTROMYOGRAPHICAL ANALYSIS OF THE FOOTBALL THROW 
IN COLLEGIATE QUARTERBACKS 
Kyle R. Bohnert 
University of Kentucky, kyle.bohnert@louisville.edu 
Digital Object Identifier: http://dx.doi.org/10.13023/ETD.2016.273 
Right click to open a feedback form in a new tab to let us know how this document benefits you. 
Recommended Citation 
Bohnert, Kyle R., "A COMPLETE KINEMATIC, KINETIC, AND ELECTROMYOGRAPHICAL ANALYSIS OF THE 
FOOTBALL THROW IN COLLEGIATE QUARTERBACKS" (2016). Theses and Dissertations--Kinesiology and 
Health Promotion. 32. 
https://uknowledge.uky.edu/khp_etds/32 
This Master's Thesis is brought to you for free and open access by the Kinesiology and Health Promotion at 
UKnowledge. It has been accepted for inclusion in Theses and Dissertations--Kinesiology and Health Promotion by an 
authorized administrator of UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu. 
STUDENT AGREEMENT: 
I represent that my thesis or dissertation and abstract are my original work. Proper attribution 
has been given to all outside sources. I understand that I am solely responsible for obtaining 
any needed copyright permissions. I have obtained needed written permission statement(s) 
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing 
electronic distribution (if such use is not permitted by the fair use doctrine) which will be 
submitted to UKnowledge as Additional File. 
I hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and 
royalty-free license to archive and make accessible my work in whole or in part in all forms of 
media, now or hereafter known. I agree that the document mentioned above may be made 
available immediately for worldwide access unless an embargo applies. 
I retain all other ownership rights to the copyright of my work. I also retain the right to use in 
future works (such as articles or books) all or part of my work. I understand that I am free to 
register the copyright to my work. 
REVIEW, APPROVAL AND ACCEPTANCE 
The document mentioned above has been reviewed and accepted by the student’s advisor, on 
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of 
the program; we verify that this is the final, approved version of the student’s thesis including all 
changes required by the advisory committee. The undersigned agree to abide by the statements 
above. 
Kyle R. Bohnert, Student 
Dr. Robert Shapiro, Major Professor 































































































































































	 	 	 KINEMATICS.............................................................................................3	
	 	 	 KINETICS....................................................................................................7	
	 	 	 ELECTROMYOGRAPHY........................................................................7	
	 	 	 INJURIES.....................................................................................................9	
	 	 BASEBALL	PITCHING..........................................................................................9	
	 	 	 KINEMATICS.............................................................................................9	
	 	 	 KINETICS...................................................................................................12	

























	 	 	 SHOULDER...............................................................................................30	
	 	 	 ELBOW.......................................................................................................32	
	 	 	 KNEE...........................................................................................................33	
	 	 	 THORAX.....................................................................................................34	
	 	 	 DISCRETE	KINEMATICS.....................................................................35	
	 	 	 TIMING......................................................................................................36	
	 	 KINETICS................................................................................................................37	
	 	 Muscle	Activity....................................................................................................37	






	 	 	 KINEMATICS	AND	KINETICS...........................................................40	
	 	 	 MUSCLE	ACTIVITY...............................................................................41	
	 	 PHASES	OF	THE	THROW.................................................................................44	
	 	 	 EARLY	COCKING	PHASE....................................................................44	
	 	 	 LATE	COCKING	PHASE.......................................................................46	
	 	 	 ACCELERATION	PHASE.………………………………………………..48	





































































































































































































































































































































































































































































Muscle	 Early	Cocking	 Late	Cocking	 Acceleration	 Follow	Through	
Mean	 SD	 Mean	 SD	 Mean	 SD	 Mean	 SD	
R	Biceps	Brachii	 12	 7	 12	 10	 11	 9	 20	 18	
R	Anterior	Deltoid	 13	 9	 40	 14	 49	 14	 43	 26	
R	Posterior	Deltoid	 11	 6	 11	 15	 32	 22	 53	 25	
R	Latissimus	Dorsi	 7	 3	 18	 9	 65	 30	 72	 42	
R	Middle	Deltoid	 21	 12	 14	 14	 24	 14	 48	 19	
R	Pectoralis	Major	 12	 14	 51	 38	 86	 33	 79	 54	
R	Supraspinatus	 45	 19	 62	 20	 65	 30	 87	 43	
R	Infraspinatus	 46	 17	 67	 19	 69	 29	 86	 33	














































































	 Fleisig	et	al	1996	 Fleisig	et	al	2006	 Dun	et	al	2006	
Lead	Foot	Contact	 	 	 	
					Elbow	Flexion	 74	 86	 95	




					Knee	Flexion	 51	 38	 39	










Ball	Release	 	 	 	
					Elbow	Flexion	 22	 29	 	




					Forward	Trunk	Tilt	 32	 33	 37	
					Lateral	Trunk	Tilt	 34	 23	 18	


















































































































Arm	Cocking	 	 	 	 	
			Shoulder	 	 	 	 	
						Maximum	Anterior	Shear	Force	(N)	 380	 	 	 310	
						Maximum	Compressive	Force	(N)	 660	 	 	 	
						Maximum	Horizontal	Adduction	Torque		
						(Nm)	
100	 	 110	 82	
						Maximum	Internal	Rotation	Torque	(Nm)	 67	 	 90	 54	
			Elbow	 	 	 	 	
						Maximum	Medial	Shear	Force	(N)	 300	 	 	 280	
						Maximum	Varus	Torque	(Nm)	 64	 120	 100	 51	
						Maximum	Elbow	Extension	Torque	(Nm)	 	 40	 20	 	
Arm	Acceleration	
			Elbow	
	 	 	 	
						Maximum	Anterior	Shear	Force	(N)	 360	 	 320	 	
						Maximum	Flexion	Torque	(Nm)	 61	 55	 	 47	
Arm	Deceleration	
			Shoulder	
	 	 	 	
						Maximum	Posterior	Shear	Force	(N)	 400	 	 	 240	
						Maximum	Inferior	Shear	Force	(N)	 310	 	 	 	
						Maximum	Compressive	Force	(N)	 1090	 	 860	 850	




97	 	 	 85	
						Maximum	Anterior	Shear	Force	(N)	 260	 	 	 	




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	Instant	of	Foot	Contact	 	 	 	
							Stride	length	ankle-ankle			(%Height)	 30	 61	 -	
							Shoulder	Abduction	(°)	 83	 96	 97	
							Shoulder	Horizontal	Adduction	(°)	 15	 7	 -1	
							Shoulder	External	Rotation	(°)	 14	 90	 47	
							Elbow	Flexion	(°)	 97	 77	 75	
							Lead	Knee	Flexion	(°)	 60	 39	 -	
Arm	Cocking	Phase	 	 	 -	
							Max	Pelvis	Angular	Velocity	(°/s)	 480	 500	 -	
							Max	Shoulder	Horizontal	Adduction	(°)	 29	 32	 -	
							Max	Upper	Torso	Angular	Velocity	(°/s)	 756	 950	 -	
							Max	Elbow	Flexion	(°)	 114	 113	 -	
Instant	of	Maximum	Should	Ex	Rotation	 	 	 	
							Max	Should	External	Rotation	(°)	 117	 164	 164	
Arm	Acceleration	Phase	 	 	 	
							Max	Elbow	Extension	Velocity	(°/s)	 2043	 1760	 -	
Instant	Ball	Release	 	 	 	
							Ball	Velocity	(m/s)	 22	 21	 -	
							Should	Horizontal	Adduction	(°)	 36	 26	 12	
							Elbow	Flexion	(°)	 63	 36	 121	
							Trunk	Tilt	Forward	(°)	 19	 65	 -	
							Trunk	Tilt	Side	(°)	 12	 116	 -	
							Lead	Knee	Flexion	(°)	 24	 28	 -	




							Min	Elbow	Flexion	(°)	 47	 24	 -	





























































































R	Biceps	Brachii	 14	 12	 24	 12	 21	 11	 14	 20	
Triceps	Brachii	 6	 -	 43	 -	 44	 -	 17	 -	
R	Anterior	Deltoid	 13	 13	 49	 40	 25	 49	 21	 43	
R	Posterior	Deltoid	 8	 11	 12	 11	 19	 32	 13	 53	
L	Erector	Spinae	 19	 -	 33	 -	 23	 -	 16	 -	
L	External	Oblique	 28	 -	 55	 -	 10	 -	 6	 -	
L	Internal	Oblique	 24	 -	 80	 -	 21	 -	 11	 -	
L	Rectus	Abdominus	 7	 -	 29	 -	 6	 -	 2	 -	
L	Gluteus	Maximus	 18	 -	 46	 -	 35	 -	 20	 -	
R	Gluteus	Maximus	 51	 -	 57	 -	 18	 -	 12	 -	
L	Vastus	Lateralus	 25	 -	 77	 -	 19	 -	 14	 -	
	R	Vastus	Lateralus	 21	 -	 37	 -	 4	 -	 2	 -	
R	Latisimus	Dorsi	 7	 7	 33	 18	 74	 65	 18	 72	
R	Infraspinatus	 14	 46	 17	 67	 32	 69	 16	 86	
R	Pectoralis	Major	 12	 12	 62	 51	 47	 86	 5	 79	
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